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International application No. 


INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
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I. Basis of the report 


1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments,): 


[]X] ^he international application as originally filed. 




1 1 the description, pages , as orieinallv filed. 




pages , filed with the demand. 




oaees . filed with the letter of . 




napes filed with the letter nf 


1 1 the claims, Nos. , as orieinallv filed. 




Nos. > as amended under Article 19, 


Nos. , filed with the demand. 




Nos. , filed with the letter of 




Nos. , filed with the letter of 


1 1 the drawings, sheets/fig , as orieinallv filed. 




sheets/fig , filed with the demand. 




sheets/fig , filed with the letter of 




sheets/fig , filed with the letter of 


2. The amendments have resulted in the cancellation of: 




1 1 the description, pages 




1 1 the claims, Nos. 




1 1 the drawings, sheets/fig 




2 1 1 This report has been established as if (some of) the amendments had not been made, since they have been considered 
— to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70,2(c)). 


4. Additional observations, if necessary: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1-21,25,27,28,30-34,36 YES 

Claims ■ 22-24,26,29,35 NO 

Inventive step (IS) Claims \-2\ YES 

Claims 22-36 NO 

Industrial applicability (lA) Claims 1_36 YES 

Claims NO 



2. Citations and explanations 

For the subject matters of claims 1-16, it is neither disclosed in any of the documents cited in the 
ISR nor obvious to a person skilled in the art, that a conductive oxide layer as a component layer of a 
lower electrode formation consists of two adjacent sub-layers having the same crystal structure and 
composed of the same elements but different in oxygen content only, and that the sub-layer closer to 
the substrate of the two adjacent sub-layers is oxygen deficient. 

For the subject matters of claims 17-21, it is neither disclosed in any of the documents cited in the 
ISR nor obvious to a person skilled in the art, that a lower electrode formation mainly consisting of 
two conductive oxide layers having the same crystal structure and composed of the same elements 
but different in oxygen content only, obtained by forming a conductive oxygen layer on a conductive 
oxygen layer that is oxygen deficient is formed above the substrate as a production step. 

The subject matters of claims 22-24, 26 and 29 do not appear to be novel in view of document 1 
[JP, 8-64786, A (Texas Instruments Incorporated), 8 March, 1996 (08.03.96)] cited in the ISR. Tables 
2, 4 and 7 and Figs. 8 and 9 of document 1 suggest that a layer of a material with a high dielectric 
constant such as barium strontium titanate is laminated on a lower electrode formation, having a 
conductive silicon layer, a titanium aluminum nitride layer and a metal layer (e.g., platinum layer) 
laminated in this order from the substrate side. 

The subject matters of claims 25 and 27 do not appear to involve an inventive step in view of 
document 1 cited in the ISR. It appears to be easy for a person skilled in the art, to provide a 
conductive oxide layer such as Ru02 between a metal layer and an oxide dielectric layer in document 
1 for improving the adhesiveness, for example, as stated in JP, 4-92468, A (Seiko Epson 
Corporation), 25 March, 1992 (25.03.92), page 2, lower left column, Fig. 1, and JP, 7-94680, A 
(Fujitsu Limited), 7 April, 1995 (07.04.95), Fig. 1, etc. 

The subject matter of claim 28 does not appear to involve an inventive step in view of document 1 
cited in the ISR. It appears to be easy for a person skilled in the art, to adjust the composition ratio 
in relation with the function as a barrier, electric conductivity, and so forth in document 1. 

The subject matter of claim 30 does not appear to involve an inventive step in view of document 1 
cited in the ISR. It appears to be easy for a person skilled in the art, to use a bismuth based 
ferroelectric substance layer such as Bi4Ti30i2, stated in document 2 [JP, 7-74313, A (NEC 
Corporation), 17 March, 1995 (17.03.95), page 5, right column] cited in the ISR, as the oxide 
dielectric layer in document 1. 

The subject matters of claims 31-34 do not appear to involve an inventive step in view of 
document 1 cited in the ISR. The left column, page 6 of document 1 describes that a titanium 
aluminum nitride layer is formed by sputtering in a nitriding atmosphere, and it appears to be easy 
for a person skilled in the art, to select the sputtering conditions to let it function as a barrier. 

The subject matter of claim 35 does not appear to be novel in view of document 1 cited in the ISR. 
The oxidizable silicon region 42 containing impurities, barrier layer 34, layer 36 stable against 
oxygen, layer 38 of a material with a high dielectric constant, and upper electrode 40 in document 1 
respectively correspond to the first region, second region, third region, fourth region and fifth region 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of Box V (Citations and explanations): 
of this claim. 

The subject matter of claim 36 does not appear to involve an inventive step in view of document 2 
cited in the ISR. The silicon substrate 1, polysilicon layer 3, barrier metal film 4, (Bao.5, Sro.5)Ti03 5, 
and Al/TiN film 6 in document 2 respectively correspond to the first region, second region, third 
region, fourth region and fifth region of this claim. 
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(54)Title: SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 




(57) Abstract 

A semiconductor device having a capacitor in which oxide dielectric is used. The oxidation of the interface between the lower 
electrode and the oxide dielectric is suppressed. The oxide dielectric capacitor is constituted of the lower electrode (1 1), the oxide dielectric 
(16) formed on the electrode (11), and upper electrode (17) formed on the dielectric (16). The electrode (11) includes a two-layer conductive 
oxide layer (12) and the layers (14 and 15) constituting the layer (12) have the same crystal structure and contain the same element. The layer 
(14) on the substrate (10) side contains oxygen deficiency. Since tiie layer (14) functions as an oxygen diffusion preventive layer, the 
oxidation of the component (13) of the lower electrode (11) adjacent to the layer (14) and the interface between the component (13) and the 
layer (14) is suppressed and an excellent electrical contact between the component (13) and layer (14) is ensured. 
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^13 (20. 30. 40) \1^^{tK)W.it^tlfi.\.^o $ ^4 ^CD^^JTJ,^ 

n^ci;9(-^Mii4 0 A$n'5^'^T-*>. mmcD^m^j^-^x^nkmitii^m. 
mm^m^^^ij^ tx. ^titmmowLm.m.mmti^xmm't^o -o-^K). 
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m^mmi s (20. 30. 4 o izMLx^ifom^tm^mt Lxmm-t^o 

f -So 

Tti. T$^m@iio^j5)c^m 13 (20. 30. 40) ^^±iz^mL. m<m 

um.m(Dm^mmi3 (20. 30. 4 0 ) *^'^'^k$^^/j:c>^■s■■5ls**>t> 10 
r\m Ki±x$>^ z ti)<tt}-^ \^{.^o ±miz-oi^xit!^Km^<Dumiitii^o ^mnm 

l^il 1 4 T*ifi!c$nT l>B:C^„ /cff ^< l?fb#/§|IS#Jg 1 6 

gam4'-cj^B5c$ti-s®T'. 1 e ^tpii-r'S^mi^^^'fb'i^ii 1 4cd 

2«#mtt^<k«^ii 1 2 ;6^'J^fiSc$n'So 

*>'ScMim^ (O2) > — m-fb^^ (N2O) . umitrnm (NO2) . 
;tv> (O3) fi^<Dmitms^^MmmKmKLfi.\.>M^^mxh^o ^tz. t 
ifi5m«i®©itfi5cg^ 1 3 ±^m<ti^mmm 3 0 c^mm 4 0 ©^-^^-^ 
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Ma3N (99.9 %) Ki±(DTJV=f> (Ar) T^'X^^i 'J t!c+ mTorr 

ikiz. mm. -m^tmm. —m^tmm. :tv'yua(Dmitmjp^=^i:>-ri)^iz^ 
t!WLm<tn(Dw^mMx. itWL^±$m^tmmmm± c^mm^ift-r^m^^^t.^o 

x^^y^^)>vmx{iWim:v^izm^tn:^'x^m\^-±tniB.<. v-^' 
mmmx\imitnffy^^mKirti\-s.Bi^^. M^^x(Dm^\f:-L.mmmx\im^ 
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m%o:>m^.t^^mK-r^m.itntf:^o:>'^^^ U < (d:^lE*>' 10 // Torr i^TT*)'S 

• cm ^AT. ( b ) ^^m.itnnm%. mmmf^^^t Lxmrn^tt i lorr *^ 

5^>*^'^^ii^i-r4->■e^)S ^ itiM* L < ^cCl^o t*oT. ^-rCr. Mn. Fe. Co. 

^a^x^^ h^i5g<£-i ^^mi^^^kJ^i LT(i. Ru ( ;b 7" >i7 A ) <^4'^i:- 
TC^i-r^ CaRuOg&O'SrRuOa. Ti (^^jn-t?/.) ff' ^iI^tc^ i -5 SrTiOg (D 
Sr © — §|5<^ 0. 5 mM%JeiJi*^o 4. 0 Ka%£^T®»® La -ca^ U/c (La. Sr) 
TiOj. CDHo;6^#{f b> tl'S o 

ReOj^i^^i -B^mtt^fbig^i UT{i. ReOj t>n'5.o 
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^'i-t.Mk^^ MO2-X {-*Jc^T. mmxmm. :«)<o j; 0 fe:^^ < *^o^M®;^^ 
>'i-^iit<^s^{cMj^L?#'SM=fc 0 ^>/J^$c^. i^a-r-So -^orxTj?-^ hmmiz 

fcCNTIi. Ru Ti ®j^^7t;^^M-e. Ca. Sr :&(:>' La 5t:3^<& A T^iS L 
mXm^^iS^t^^ AMO3., fCfcO^X. ^^^tifi X 0 J: 15 < *^o^^6D 

it ReOg., {C*^C^T, ^^^iiS x 0 J; f5 < ;i^■o^^^D ReOg^^ig^^^ 

t>n^-o Ir02-,. RUO2.,. Re03.,-r(i. 2 ^g^S 

o/::o ±.xm^\^tzmmnwLitm'^^^Wiitni^mm.xj^^\^x^. m@ 

tltt<£-_h{CiE'<^„ RuOz&O' Ir02®7l/f->'l/4ijg, Si^^* ReOg (i— ffllpcDSi^Tn^ 

^^^tsmTtmmit^x ^ ^ <Dx ^ {i^m\yxmo:)it^mt''mm.-^n^m±kt-ti. 
TbmA tm^7imi)^i^ti^7bmMxm^^n^^m^t!^x$>^(Dx. ^^mitnw- 
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ji^ij u ±mt LT ca ^^tst^Kit^m^^!^t bxmnm(D cao ©#^s*n'x 

0 J: 0 J: <9'f£{,^ffi:tF-C{i. SrO <t L Ttl^ $ 

^w-t^m^izitm.mm^^m±-r^iimi!}mm^tifzo zmzn^ ^^m^^tit- 

n.Wi'ft^ii. CaRuOj. SrRuOg. SrTiOg © Sr O— ^fU^ 0. 5 SM%£^ jh/6^o 4. 0 S 
m.%5^T(Dm(D la-vm^L tz (La. Sr) TiOj. mmmit<^ ^^m^SL-T JUtf 
U ±5®7C*®^'ft:«^. CaO t> L < (4 SrO. ^ T fcMC>o 



wo 98/06131 PCT/JP96/02226 



20 

m^-r^z t(zj:^T. zti^±URzj^T^mmm(zm<t^mmi^mi!}<m^titz 

t£<t^mit. ±$s.x'nmizmmLtzti3>ox^:^o m^tmmmnimii. tjx^zi^ 
•> K<£-i^*4<t LTffic^>5 v'yi/y;ui*. ^^i*. xy<v^v>^ 

i^mm^mit^xh^ z tt<m^ n.^o Tunmmtiimt£^mm.nm 

i LTffil^ «5>nT fe. '=>^mw^m:(Dm.mtLx\ti^^f^m\tfi\.^o ±.umm.mt 
\yxm\'^<hn^mm.^mit^(Dj^^{is.^ y v >ym. mm&. y'ji^^jwm. 

MOS h ^ > ® 1 lfiJ*<?^fi5c$n'E>o Z COM OS h 5 > X ^ (D V - 

K U-r >mmtTUmmmtlt. mo S h ^ > i^x^^&J^^ U/::^##:^ 
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2. #S'a«**3l^Jttf- 2 

^ 5 EI-C{i. TUm.mm l l {1> ^*£h^h U n ym 2 0 CD_L{rj»g LfcM^fc^ 
^ — "^7 ATyl' S — 5 0 i $ t>{l^<D±fC«®^-5^M« 4 0 til^i^m^'^ 

iznm-§r^o m^t^^-'y j^TJ\y $ ah 5 0 (4±fa«!E;t:-cijfeB^ u/ci^ 2 (Dm 
micMm-r^o ^mm4 oii±$e,m:±-cmmLtzms<Dm^i:iMm-t^o mem 

6 0 i}<mm^ti^o z(Dmm.i^m<t<^m e 0 (i±i£m:S:TittBj Ltzm 3 ©n^i 

^fz. T^mmmi n:tmwL±izm^-^titz^mi^m^(DmM<Dmm. m^m. 
Mos h > 'J 7. ^ (D V - ^^fzii h' \y ^ >m^tm.M.mizmm^ri^o 

/cJ6{::$ ibK^^t£if(D^mm^ifi'^-^-^^zti}<'j^i>mt^tiX^tZo L*^t>. 

mt^-M^mt^titzo -1ST. mi^^m'mn'^^i^i)^-:>$)^mm(Dm<m±mtLx 
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X {S 0. 2 Jgii-Cfe-S ^ <i:*-?M* L < . y Ji 0. 4 ^_fC* Z i ^ U L^o x 
0. 2 J: 0 t>/h$ l^i^Cliiiif^Ybtt® iR]_h*^m t.tL^j:t^o y >6>' 0. 4 J: 0 *>/h$ i 

m^tTJl i A{ii^Stn:#T*>'5®T. 5^ iS' ^ A 0 — T yl' = ATS 

*^t>. ig!n:^(i lOm Q • cm TT^ C cb*<MS Lt^o ^^e-pT. it^^^ 
(Tii.,Al,) i-yNy-cab/cl^s X (i 0. 5 J&(TT^'5 C <t L < . y ti 0. 4 £^ 

*>>S C L < . y fi 0. 2 Kl± 0. 6 J!i(T-e*> S C i ^ Lt^o 

JiiJi^* <t^6<5 ct. Yb^S;. (Ti,.,Ai,),.yNy. -ea$ti^^>fb5^^^'!7 ATyu 
i Afr*>H^T. X li 0. 2 JK± 0. 5 £iT-e*)'S C <t L < . y fi 0. 4 

{ioc>T(d:. :$:K&?I{--S'fb'^!^-Ci>-5^'fb^iJ'^t7 A©1iit*^'S}t$nT^,^-5^Z) 
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^m^mit-Uli. 200 nm iac^p$®^M/i*■«^^$n/Co 1>7&^U. ^^^^b^CMYI: 

^SB^v?7b=3j:-'> A-eg^ L/c^rJ' vmi^^pr^ la5t> L < (i^ 

-5 fx LT(i. BiJijOix. SrBizTajOg /a ® b"X v XJi 
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— ^ U^-^^fzm.^^ —V -J T/U^ — '^7A^— y <y h i^^^t^; -y .y 

^-^7 AT^Ui — -t? A*^b>''j:-5M'fl:^^^-y -y M'fk^^^'^ ArJ' -y .y 
T^PS — A^M^> U < {iMYkT^ws A^dfe'^jtlg'^^-y .y Mfkr;!^ 

$j:iH7A^->r>y h±{C^^j:i':7 A#JSfe L < IS ^>fk ^ ^ — A ^^-i/c:^-^ ^ 

-Vv ^Ykr;!/ i ^-^7 A^ -y .y h i^Yk^^-r? — -^7 AiJ'-y .y h^#>!r5!|{C 

:<7'x<fc LTfiig-Tyx^ffio^. m-mmmn^^m.\^xT jvziytf^^m^^^o -^t 
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fife U'^cCl^i 0>9m!*T*>-3T. X/^°•y ^ U > ^ flf^ ij^ $ t> $ ^ -1) S^^S 

{ifp^ti^o l**4<£r 6 00"X:^®x.T;!jp#JiLT?^J5£-r^ X ^ [U^SfJ^ J: f) M 

-fkT/i^ 5 A (AiN) ^^^m&^'t^(Di}<mm^titzo 

® e c ^ <k SI m # e *■< M ^ n *i it ^ w m Y k SI m 1* 4^ ■I' ^ N° BE $ 

KU-r >'gi^<tT^H5m@S<i:{i> M O S h ^ > X jJ' ^J^fiS L 7t 

s^^iss-r ^^^B't'jc^jL^tL^c =1 >^ ^ h '•}->- ;p t*9 s to 14 
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m 3 £DM^«-SJ5aj5ttM«&{l*Jf:f-S¥l!^fitj/d:^in;2^<Jr 0. 01 J2 • cm £^T{-^^ 
tj:^^*)-tjU^^-t^^mi^mW:^m^ztt'iX^^o ^tz^ 200 nm£i±®jp$ 

m 1 2 mmm.nm^t!^m'i:rummmiz^t^m^t!^mmi$^^^^<->^=^ 
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ijim'i* ^ •> ^ ^ ^-nn T o 
msmu. ^mm±izm<t<i^mmi^m^mm't ^m^ti- ^ AT jv i - ^ 

^©IE^#tt<&:^-rS-e*)'So ( a ) {d: TiN Ji^#i?miBi®Sln:> (b){iTaN 

^ 9 2 ji^s-tt^Yti^ii^^Me^ifh LT TiN M ^m^t!^m 

It (Ti,.,Al,) 0.5N0.6 {-fcJt X CDi^^a. (b) fi (Tio.6Alo.4) i-yN, {CiJtt 

(D^m^::^v-^)iy^m^^^-tm'ch^o (a) [t^mm±Km.it'mmmwm=^ 
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^ g ® M it X ^ n r& ^ -rm T *> o 

A li ^ ^ # # ^ g M it X ?i El ^ ^ -rn T -s o 

)vi ^-^7 Ajg^w-T'i.^^^^secD^igx^ii^i-Ei-cixSo ^mMo:>mmm s 

0 # m # *4 ® ii ^ jg- thsij {ci£ a -r -5 o 

§1. ^'^l:^^0lm^^^-l'^^°•>^cDS«iJ^J5£ 

1 - 1 . mmnumm^m^ i 
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<^m(omm(Dmm 1 > 

-^L/cj?$ isonm V/ u n >^^m^L. ^ti^mmmLxmmn(D^ 
{±. 2inm y ^ jv-^ X i7 i^xmmnwi^tmm 1 4 <t 1 5 '^mm.Ltzm. m 

^^M'J W^y -f -{rj; 19 loo u. m ^izimJiLtzUnx'^ mmmifi(Dm^iz zti 

=^mi^^tzo h^-ot-^ii. mmnm^tmm 1 4 <t 1 5 >&mmmm^i^(zm^Lfz 
m^mmmi^m 1 e t±ummm 1 7 ^^n^'ti 4 mm ft. w.m 2 mm cd^ ^ 

^mi^S^-fb^^/l 1 4 t 1 5 i LTI±. IrOz. RuOz. SrRuOj. La <£■ 4 
*PL/cSrTi03> Re03^-€-n'5-'nffio>A: (CCTJi. 'ft «^ ^ BJ BS {Z f 'S g W "C -fk 

^ S f z fp ^ <^ A n # X. T t> { i /j: c > , 

^M?5<£:fflt^TitS 1 2 mm 1 0 mm © P3^J^ fCfiSM L ^r^. ^3^M?Jfe^ 1100 

^Mi^lC 2 nm/ ffi>^ 0. 1 // Torr ~F"C^^^iM<^ 
IrOzJi^ 5 50nm J^fiJcU/c^. MM'^ 70 ;U Torr ©fiE;^J ^ "C^ A^T -5 t 
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mmicmwL-bum t - ^^^^ dso^azn^Lx 5 o nm <d iro^ii^aji u> 2 m 

«y h<&fflO^-S R F Vi^' T^ h P >X/^°■y ^ U > i^^'i* ffi t > T fiJt L „ J(i(TOfi5cJ^ 
^£ 3 N CDjjcm Ar H 7.&tt 3 mTorr TT^ MJP 5 t. 50nm O^S:XJI<£-'a-ti"#m 

X (Bi 41130,2) ^^0^. R F ^^J''^. h P >X/N° «y ^ ij >^5'-'?*C=fc f? Ztl'^m^ L 

^tSitafit-^jaffi eOO'C. 4fi:m:^?" X/^^;^7'XEE:^Jt Ar/02 = 9/K 5 
mTorr. AMUtl 1. SW/cm^. JSScMiiS 5 nm/^. l^ii 200nm i: L ^ o f fi L . m 

*^-C*'5o 5 nm t> lOnm {r*^^tT^!iL^i^>^C^^l^ 1 0 ti m J&( ± {i 
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m.o:>i^\'^^^^-b<n^titzo srRuOj icgg bTi±. m.nxmo:>mAKx^ 200 fi ^ 

cm m • cm ^T^lf^^JCi <i:^ o /c <, La ^ 4 Sfi^j^jfjD L SrTiOsT'ii. 

Q • cm *>t>^ m Q - cm ^ T if ^'i; b /c o C tlt>0^m(i. H 7 El ( a ) CD 

H 7 H (b) {r, ^^:^tiJi©i?$ 30nm -C^-S i #®^§.^'fl:i^m<S<^^t^ 
©^-fkil^m^ig^aiii:: cfc -5]et^(i^ti:^i:^'5.n/i:^,^o B 7 U (b) t^i^mh^ti^ 
■r C i C j; f9 . ^'fbSf&&0'^m<Dfetj[;6-<ffl]Stl$n> ti^Sffi 

<^m(ommcDmm 2 > 
^mm(D^m(Dmmi-i.. m s m(z^ Ltz 2mmmnm<t<^m 1 2 \^(Dmmxm. 
^^ij-mmnm^t'^m 1 4 t^itWiW ±^¥m^t!^mmm 3 0 T*>^#mftM<bi^ji 

*Sh«p'> u 3 >^ 2 0 ^m^SLLtcm. itmm±^¥mitmmmm sot [^xmrnnm 
<tmm'&mm±^i:im^Ltio z<DTm±iz2mm(Dmm^m^LfZo t>tr:>u. 
2 mm ft®^ ^ Lxmmnm<tmm 1 4 <b 1 5 ^^m^LtzW:. m^^Wi 

u w^y ^ -izj: t> 100 fi mncimT.Lfzmn'c. m.mt§.tfi<Dmi^iz z ti^ m 
c^/co 9 ?><to{i. #m^4^<b<^;i 1 4 i 1 5 ^mumm^i^izm^iy-fz^. 
m<t<^mmi*^m 1 e i_hiH5m@« 1 7 ^-en^'n 4 mm as 2 mm ® ^ 

>f -JC J; f9 10 m^^cJpxt/::4^^'/^°>'^#^ialJ^ffl©l^*4-C^>'So 
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XmmtlX&tlit AryN2 = 50y50. 4 mTorr. AMffi;^ 400W. 40nm 

-y ^ U >^"i&<^iac^T#S-fcS^>ft:«^Ji^?^jg£ LT ^>^c^o ^RJ^^s ^i^^fi 

iP^^ (Rapid Thermal Annealing jfe) ^^l^T^ T > * — T X # ffl^ ff" 
^Mtt^-fb^^Jl 1 4 i 1 5 i LT(is Ir02> RuOzN SrRuOj^ CaRuOj^ ReOj ^ 

*nl^ t - iJ^ 600^. A*fm:^J 1. SW/cm^ Hm^^'X <t UTffi;^f 3 mTorr 

S3N©Ar3?7X> iii^'fka^X t LTijftMib Ar/N20= 100/1 CD NgO 7!7'a. T 

i^(,>T:<7 Xd{SfiJt<£- Ar/NzO = Q/' 1 T <i: 1^ 1^ ^ EE <£• 5 mTorr i L> S 
flaJPfih -^Z&S-S: SSCCJCIS:^ UT SOnm ® ^ m ^ 'ft ffl ^ ?^ JSS "T -5 C <t ck 

SrRuOj t CaRuQ^il^mit^m^W^ - ^ v h<&ffil/^5 R F V^'^v h p >X/N°«y 

eOO'C. K^m.± 1. 5ff/cm^ 3 NOjJC^Ar •ffxmjj 3 mTorr T 

T% Mi¥ 5 t, SOnm ®^fg^ia<^-^i?^S'ttM'ft:«^«^J^fig L/Co J^l^T. ^ 
^^:</ Xgl£MJt Ar//02 = 9/l -C^A-r -5 <t ^ ^ ]£ <£- 5 mTorr t L> S^KSD 
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mh-:$'um^ 58o'x:izm^Lx sonm (Drnmnm^f^m '^m^'t ^ ^ tiz^^^ 

Ruo, t Reo^[iK]Z^nmmmiz ^WLm.itnw-mn.^Ttm^Lfz. mmmt ut 
^mm^m^^tzo }ikT<D^m:^w. sig;!jp^t-^s^ eoo^c. \ nm/ 

^f^ffi:^ 5 // Torr TT'^^j^JIS^^: 5 t> 50ntn mm^lO 

fi Torr ©iE:^*T?#A-r^ il^^fc^lgjljpi^h-rJ^Sat^ 580t:{;:^^LT 50 

nmCDRu02@. ReOa il tl L , 2 g^mtt^'fki^B 1 2 ^m^i^fZo 

m.^tmmm.wmi q t\^x\t^ >mi? >m.^ (pb(zro. 5110.5)03) 

eoo'ic. WCM:^' 7. xmm-tf T^EEtii^t krX02 = 9Xi. ^EE:^ 5 mTorr. Al*m:t; 

l.SW/cm^, 5£M^^5nm/^. i^/P 200nm <t U /c „ m L . ^'fki^iim#ii ® « 

mi^^Tm^LfZo MJPti SOnm T*> o /Co 

feSkKlh^^^fbf^^mii 3 0 ,t LT TiN (|g 8 0 ( a ) ) SJ>'TaN 8 0 
(b) ) r^-ffiC^/c^-^'&n'etLC-ot^T. TSl5««iii^#®^tn; CMMti) <£ril^ 

tifzo mm xmm<Dm^ib< 5 nm (Dm tzitmmm.tfntmL <:k^i.^o m^tmmm.^ 

it ^ tlMm.in.it Ltz^m-C^j^o m.mit. nmTb^ih lOnm Kt^ifXMMiZ 

ibmu^tiiz^mx^^o Wi<t^mmt ut caRuOs^m^^fzt^icmtfLi!)<Mi^<D 
(i. -135 cao i}<^m^^Lm.m^r5X(Dmmm.tn.i}<i^±Lfzi^mx$>^ ^tt)^. 



wo 98/06131 PCT/JP96/02226 



34 

Reo, m^^tsnm(Dm,tfiii. Ar :^'x^-cm^\^tz srRuo, ^^tsmmj: 0 fe^D-r 

Xmi^LfZi^MXU^ IrOj. Ru02^ Re03> StRuOj. La ^ 4 S* % L 
SrTiOsTJi. ^B^O^iSOJ^-^ niffitfe L^ii (3 T^xBo CaRuOj LTfS. 
^^m<(:1i#B8m4'-m?^^-r'5 C ttZ^t^^ m.'S U S2 • cm lOm • cm 

UBS (c) iz^ mitmmt Lx TiN ^m^^tzm^iz'Di.^x. ^sm (a) 
^\^fzmf^xiMm(Dm^ib< lo nm xtr>^ t^(Dm.itm^mm.w^^^<iy ^ (D^m 

^J: 0 t>^$l&:6^Ip]{C|a(,^T0^-5o ^^^SS L/: CaO 36'<glM#:{wE[lSn$ n^Smi^C 

Tl>'5oTra^^(i/j:t^o nsgi (c) t,Bj ^,/i>^nc=fc -5 m^tmm tmm-r^ 

C i*<l:iE^ tl-So TaN Ji{Co(,^T *Mfi^JCB8g| (c) <»:l^>m®tX7^ 

<^m(Dmm<Dmm 3 > 
^^tsmm^m^ti^m 1 4 a^^mji 4 0 UTii:tfeE«±^^mYk«^#MJi 3 0 ± 

StS 1 0^^^a^H'> U =1 >ii 2 0 . feiJcRrih^^^-fbigSj^m/i 3 0 i LT® TiN 
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itwiim±^m^t^mmm sot ux. 40nm © tin ^±Be,mm(Dmm(Dm 

20mTorr. ^^^JDift t - ^ {i 500 T? ^ o $ 20nm ©^Mii 4 
#^'S^'fl:«|^i LT{i> IrO^. RUO2. SrRu03> La ^ 4 Sft % i^]t/n U SrT i O3 

It. *tS*PI^ t-^^aS 600°C. AMm;^ 1. 5W/cm^. ®CM:^7' X i U T £E;^ 3 
mTorr (Dl^m 3 N ® Ar ^Wtit^fJ t LT^Mib Ar/NjO^ lOO/l CD 

^?^53cU. ^C^T:*'Xj5{£SJt^ Ar/N20 = 9/1 (^Tff -5 <t 5 mTorr 

iUs S^S»n^t-^^s^ 58ox:{r|s:^LT 50 nm ©^m-^^^fb^l^ii l 5^J^ 

ijp $ ^ ^ i ^ n -s o 
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1-2. «mtttt3isfii^mtt 2 

i^ii ® ig t:!- ti ^ 2 o CD * mi4M*4B 0 «ij ^'ft ^ ^ - a t ^ 
A-^wfix^p^L/co mm^m^y r )v=f>iSLm.ii-^/mmtf^<Dmm 

Jt<?: 95X5 *N t> 5/95 0 fg BI T^Yb $ -a:T ISS L o St£*Pf^ t - ^ {i 550 
■C-e^-So -^-CD^feOjf^^^^Ji. AMm;^ 400W. :^-X©^E 5 20mTorrs ^ 

Si^atti 5 t> 10nin/:$3-> MiPfi 50nm T'*>^o T^l' i — '17 A-g-^Sx (i I C P 

Sift (SI#^'^:^^Xv^5tjft) ^fflo^T> ^*-^Way (i HeW ^ 

R B Sift ^ - F /<-y ^ -^^^^ U ^ffit^T. -e tl^'n^^-^ff 
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1^1 00 (a) c> mm^mmy t<o. 5 'c^^m,mi::^^^x. ^^mj^v^m^tn. 

j£(TT'(i TiN Kmm^ti^mmm.(D^t<m^^tifz-!bu x o. e ^m^^ t ain 
izmm^ti^mt<m^-r :B-M^mt<mm^ti. x ®±i:^i i ^ tin ^a;{)>7S^-ra 

i [^B#{z AiN L/Co ^St^Ji. x <Dm:^t t ^lzt>-rib^i::mi^L. 0.5 

#i£3&^^>m^^c^t±LTiS^!n;'^.i|p]*^•p„ ^1 00 (b) c T;i/i^'>A-§- 

T^b/Co X^mifrO^Sm-efis y 0. 2 J: 0 C>*^ 0. 6 <t TiN 

n-S y 0. 2 0. 6 £iT®M^#WMCot>T®<;z».tS^/Co ^tit^li y <h <t 

T.MT y ^ 20mTorr. J^fiE^SS {i 500*^: . T -5 o $ {:! . 6^ 

iiojijcR F-7:y^x h a >;^^^°>y ^ u >^"&^ffi(,^T, loonm (Dm^tmmm 

f^:li(Pb(zro.sTio.5)03)^®^ L/Co ?^fiSc^#{i> S^Sin^ t -iJ'ias 300°C. 

Altm:^ 1. 5W/cm^ fiSMi^S 3 nm/^. JfcmA r 7^7 ^ 5^7 X ZJ^M Jt = 90/ 
10. EE;^3 5 mTorr> T^^o MM^^^ 650°CX 2 ^ij-m . ^ii^^SiPf^ 

(Rapid Thermal Annealing) M ii t ^ . *S h^h -fb ^ -(S it $ -ti: o 

^*L> sz>'e^Ji<£-mm^-a:/co col^!i6^{wot^Tx^^IaI^fzllJ^^^TC^. i^<b 

i^ljim^/iJ^fiScCJ: t) m^t^^-^I^TJ\y 5 - -i? A ( (Ti ^.^AlJ ,.,N,) Jl*^*i^^i: 
OH (a) J: -9 {C. T.'l' i — "^7 A#W» X 0. 2 J; *5 # {C 
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izM^^n^J: o ^^-^WM y 0. 4 cfc «3 c><t § {z TiOj /b^'ISi^^ n/co 

'i? A T ^I^ 5 AS£ifc:Sa^^'fbRSlliii(i^ilffl^m<&^ Uy^To 

^m(Dmm(Dmm 4 {ciaiE l/c. sonm ©e^n/jp^ sonm ©M'fk^^- 
urn (b) -cii^sis^'ffci^®^^ LT^^kJi^i5is<^B<&. ^n-en 

fzW-'^ 50nm © RuOz C ■» o ^—^y hCJi Ru ^SiJ'— '^r >y h<£-ffit^;';:o ?^ 
Ilcm Ar 7!fX/'®^:^/XZJf£aJt 50/50. E:^7mTorr. ■r*>-5o 

^-fbi^em^iiJ-JiN yVuy ^l/jfe^S-ffil^TJ^^ L/;:i^$ lOOnm (2)^^ 
3 >^i6(Pb(Zro. 5X10.5)03) ^^t,^/=o '/;P<!:LT{i> =f-^y^^j-fxi 

(b) ) ±C^^L/c^. m##i0m4' 650'CT'2^r^a^SS]!jnf^UT> 
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m.B2 mm <D e^Ji^fflC>;to 

xffl^*<#^>tLTfcf9. ^^-r ^&±m (Dm 20nm tmi.^m-ci>m^ti-^^ 

{i/S!,^o mW.^Wit'^ t\^X IrO^^ SrRuOj. ReOs (Z> t tl ^ ^ I > T 

(Pb(Zr,Ti,.,)03) . >^/<>J "^7 AX h O >5^'> A((Ba,Sr,.jTi03 (x = 0 

-r ^ t'(D^mm(Dm-^ ^ 30 nm i^xm< ^m<t!^m^m<t-t ^ tt^ 

$ <ir^zti)<-5!mtfA: 0 > i^^SYkirig U/c^-fk^^^m^^ -t-^-? v'^<&J^J§S^t- 
§2. ^m^^-c^N^'^^^w-r^^^^^^^soj^fiX 

me-i oKJ:ijm^mm^^m.i.xmm-t^o t£is. ^m(Dmm(Dj^m6 s 
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^ N° •> iJ' <£• fi£ -r It) ^ T CD itj X g fij <£• 5^ -r o 

fi!^froC^Tf^5E■r -So — J^<0 ^jtXg<£:. 1 2^*^^^! 5 lI<£■ffl^^T)lM<£•it 
Tg^^BJ-r -So 

^-r\ II 1 2 J: 9 {C. et#®MO S F E T^^sJcX^JZ J; *9 X-f .y f-^ 

> v^X^^J^^R-r-So 1 2 1 {ipS!!^##:S*S, 1 2 2 (ifg^P^^^ffe^M, 
1 2 3 (i'Z- h®<(:J|^. 1 2 4 (iy- hm^li/iS -7- F^s 1 2 5 <!: 1 2 6 
U K-T'Lfc n M^MJ^tetitii. 1 2 7 (i S i o, *n ^5. jSr«a^^i^-r S o 
e^Jf-. '^k^Mffifi!cfii*^-St^T^ffi^DD^I|^I^#:r&j?$ SOnm <D SiOzJi 1 2 8 
S-r-So i^C>T/¥$ 600nm ® SijN^ii 1 2 9 T'— B.l!gS L /c ^ . C® SisN^ii 1 

1 2 gifD^at^j^^Jc-T'Sc, siOaB 1 2 8 (i. ^(Dxm-c \f -y h^<&ADX-r S i # 

CDT*-C*)«9 . ;6^o&ffi«ffi©mai^^^^F5^1li*feMJ[^ 1 2 2 *^'^i«■r s ® ^gs 

fiJcSiS^ffit^T na:T^^i^<£-^trJP$ eoonm ©^^b^hK-> U 3 y^mm^-^. fiM- 
^■LT> ig?Lg|5:*<^^p^B>' U 3 > 1 3 1 i 1 3 2 T' S J6 ^ tl fell 1 3 ^®«it 

nm^m.mtj:m.m l 2 5 ctM^fi^JICJ^gl^ti'S J; ^ C 0^^b'> u n > 1 3 1 © 
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^h^hV/ U zi yCDSSM (14 2) ^J^fi5cL> $ t> C CD±fC j# $ 200nm ® SiOj 

ii (14 3) <^:J6S$-ti-^o 5^ h U y ^^'^ :7 ^ }*<h v ^ >^'fei<£-fflt^ 

T sio^B (14 3) t^m-y u -y-^ Kso'^^H^H'> u n >®«jij^ ( i 4 2 ) ^ 
@etjo^N°^->cj!jpxLT> ii"-y 1 4 2^o'si02ji 1 4 z^W'^'t^o m^. 

}£y VWil 4 2 ®iaiJMgl5<^^^-r^/;46{C. 'fk^M;fa^:gi*^^t^Tj?$ 150 nm 
CD Si3N4 Ufc^. K^-r Ji>y9^>iy'i*{rck'9 C:tl^j:^-y5^>^U. SijN,® 

-y--r K'^7;j-->'i^x'^-ifi 4 4 ^j^^-r So «^{^. ^^h^h u =i > i 3 2 cdji 

©*fe^j^ 1 5 1 ^mm^-^^o ^^m(Dmm<Dmm-vi-s.. soonm cd^-^^ y 
i^o ^t^^mmm (cmp) j: cn^^JH<b-rso 'fb^^^mfflfiJtsjfe^fflc^ 

n S^Mi|^l£tJc® 1 2 6 cD_hSi5{r'et®-r S*fe^i^ i 5 i ^^^h Vv^^y ^ 

tS±MiZ.it^%il^^mi&=^m^^XW^ 200nm © U > F-r^^H^BK'> U =i >^ti« 
LT^Mb^h-> U 3 y-bm^ih'^tlfz^m^i/ 'J :3 y-f^^~ 1 5 2 ^^^^fiJci-'So 

fjXS^^^T L/c«tS±C. 2li3imtt^<b«I^Ji<^:#tr®?'fk!^eS#^-»'^N°v/^ 
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/Co 

T' Ar/02 = 9/i ^T#A-r^ ii^Bf jr^EE^_h{fs 50nm mmnm^ti^m 1 

6 2 LT 2 ii^mfi^Yki^a i e i i i e 2 u/co z(d±^ 

D C y ^ V > V'^iC ck 19 50 nm ® Wi^ T'ISM L . K ^ -< -y 5^ > ^'}* J; 0 

i LT. xy< .y .y ^ J: 0 2 mmmnm^ti^m i e i ,t i e 2 ^^y-?^ 

sgi&(Pb(zro. 5110.5)03) <&ffic>. '^(Dmsz:^mi:i±Mi^m<Dmm<Dmm2Rzj^ 3 
izmmKME.mi^tztisO'c^^o fztzL. m^mn loonm t Ltzo m'ikiz. e^:/ 

0. 2 ^> 25 // rn^ t T^Yt;$■^y=I^M{wOC^T«lJ^ L/Co "tCD'^m. Is^-ftHZiS 
C>T fe^^Sa^B '> U =1 >::^^ iT" 1 5 2 t,©mffi#^*&*^'^tgT. m^f/X h Xt^ U ■> 

if]-(D^^ >mi^JVu >^i& (Pb (Zr,Ti,.,03) ) . ^ >^/<U 'j7AX hpy^i^A 
((Ba,Sr,.,)Ti03 (x = 0 *^ t> 1 ) ) . 5^ ^ > ^ v^>'U =1 U -i^ A^J. fXVX 

j^m^^i^mmi^^mi^-c ^mm::j< u -tryi/^j^sJc-T'S c ct*-<T#/c„ ^ ^jc. 
mmnm<tmm t lx ±^^m(Dmm(Dmm i {nasE L/ci,^■rt^®'^b'^^^<S:ffi^,^ 

^mm(DmM(Dmm-vii. ^^mommomme-cmmizmi^Ltz. mos h 
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^>n/-co m^tmmii±timm(Dmm(Dmm2-^mmizn^mLtzj:oiz^ ^m^- 
UT i;3am*'<?f c i<^:g$^-r^o :^-xi5fe*Jt Ar/0, = 100/1 -ejs$ 

lOnm ©^^^Jl^-^tr^Stt^^bl^iiJi 1 6 1 (SrRuOj) <&?^^L. Ml-^T^' 
X^MJt^ Ar/02 = 9/1 ^ TTff 50nm #mtt^'ft«^jB 1 6 2 ^ft/i U 

T 2 mmmnm^tmm i e i i: i e 2 ^j^gssL/co ai^T^i: ct'®^#©i^^{ijii2 

2>C«r. C CD±<£-D C «y ^ U >ir5*{r J; f? SOnm ® w UTIS^M L> K ^ 

- ><£--7X:J7 <»: UT. X/^°.y ^ ji -y f- >irj*{i j; 0 2 ji^mtt^-rkJ^Ji 1 6 

1 i 1 6 2 :RO't£ticE3^ih^^^'fb;i^*mii 1 7 1 <&^n*:5^->^>^l/:o ^^vx 

iS.L. m^li lOOnm i L/Co hM® 1 6 4 ^M^LX 
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((Ba,Sr,_,)Ti03 ( X =0 *^ 1 ) ) > ^ > ® ^ 71/ n > ij -^7 A f'XVX 

^Stt^'fkJ^jii LT_hie^BJCD|g5g©J^g| 1 3 CiSiE L/C. IrO^. RUO2. 

CaRuOj. La <£:i^Sn L/C SrTiOas ReOj ® C^■rt^^ffl l''T 3«(;:^/{»<?# tl/lc 

*^nj0SIJS©J^M-r{i. *^BJ©^JfecDSM 6 L/C. MOS h 

5*{C J: <9 20nm ®^||@ 1 8 1 JiSt L /c o :*:^B^ CDHJSCD 

S o 

?#t>n/Co )^f'xglEMJt Ar/02 = 100/1 TJ¥^ lOnm ©^^^ti^-^tr#St4i2 

^tmm 1 6 1 (irOz) ^m^L^ mi^'c:^'xi^mit^ Ary 0^ = 9x1 ^-cTifr 
sonm (Dmm^m<t<^m 1 e 2 dro^) lt 2 mmmnm<tmm 1 e 
1 ct 1 6 2^j^fi!cL/:o i^mt£^0^i^(Dnmii±^^m(Dmm(Dmm3 iz^m 
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^IZ^ ::©±<£rD CX^^°<y ^ U >i/i*{Cck 0 50 nm ® W l^TMS F ^ 

1 i 1 6 2. ^mm 1 8 1 :s?>'j£tjcRSihi^^<bJ^^m;i i 7 1 <£-/>°^->^>^- 

L/Co ^^-^Xi^ ^ai >y ^ >ir-C^* L^c^JC. Mfk^^eS'l*)! 1 6 3 L 

(Pb(zro.8T 10.5)03) 'e(Dm^y]i^it±m^m(Dmm(Dmm 2 3 jri^ 

*BCl£ML/cct*J t) -C?*>;S.o -fl-L. lOOnm <t U/Co m^fc. 6#>^U- h 

^©^^ ^^i^yUn >M^&(Pb (Zr,Ti,-,)Oj) s 'i'AX hn>'^'>A 

((Ba,Sr,-,)Ti03) (x = 0 t> 1 ) ) . ^ ^ > ^ =l > < ij 1^7 A , tl'XVX 

#S14^ft:#]i<!: LT±Ha%BJ®llil©?^II 1 /&^t> 3 {Clai^E L/C. RuO^. SrRuO,, 
CaRuOs. La ^i^]!jn L/:: SrTiOs. ReOj ® C^-Ttl^ffi f'T l^ilt® nAlo 

^^m<Dmm(DmmTi-t. ^^m(Dmm(Dmm6xmmizm.7&Ltz. mos h 
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((Tio.7Alo. 3)0.5^0. 5)® 1 9 1 ^> R F v^'t- h a >X^N°>y ^ U > C>T 

fiO^/cm-^^ -^^ -y h^fflC^/Co J^fi£^#(i> StSiO^ t-^fi^fi 550°C. A 
Mm:^ 400W. 8 mTorr, T;Urr >Jjtm7i7"X/^^7ir X©cf£»Jt{i 

90/10. 5S£Si^;S(d: lOnm/^s MJP {i 50nm -e*> o 1^ 5 EI "C Ufc L <te ® T ^'l' 

Z(D±iZ^ lS^5^tX/^°«y ^ >J y^^iiZJ: «3J?$ 30nin (D^MH 1 8 1 ^mSHi^fZo 

^ © ^ ife <D ?^ 4 { w IB ife L i 0 T *> S o 

t^iz. C ©_h<&D C «y rJ' 'J cfc t) 50nin ©WJ^-Clfi^S F ^ 

^^•^-><£•-7X^<i:bT. x^N°^y ^ V 5^ ^i^'j^c J; ^>fl:^ ^ ^ A i — 
-i? AS 1 9 1 t^mm 1 8 2 - y^y^Lfz. W^-r^^ ^j. v ^^TT 

i^mm^t L-z. >^':^7H3 >^i}(Pb(Zr„.5Tio.5)03)^>«('^s -e®?^^::^ 

i*(l_hiS^Bj®^ifec?)S^, 5 {::W^(wiai^E L/C cbfc (D V jV^ Jiym-C $> ^ o ^© 
MJ¥(i lOOnm i U/Co M'^i^. &^ZfU- YMm 1 6 4 ^J^sJc. /n"^ - - >^ L 

((Ba.Sri.JTiOg) (x = O^Mil)). >^ 71/33 U A^, t"XvX 



wo 98/06131 PCT/JP96/02226 



47 

<mm<Dmm<Dmm i o > 
^mm(Dmm(DMm-^it. ^^m<Dmm(Dmm6-cnmiZM^mLfz. mos h 

tzm^t^^-^ j^TJiyi-^ x.±(z^mm. mmnm^mm. m^t<i^mmi^m^ 

— -i^ ATyl' ^ — >t7 A((Tio.5Alo.5)o.5No.5)® 1 9 1 SO'^MS 1 8 1 
fig U /Co 'Hfe®T;P^t7 A b < {^^^-^W«^::oc^T fciJ(T®^m(if^1iT«.-:, 

tzo ^fz. ^mmtLT^ V i^oM.^jvy^—^j^^iy—^j^'^mi'^ri,mm(Dm 
mmnm<t!^m 2 o i i lt(±. rf-^v^^ ha >x^<y ^ u >v-^^m^^^x 

L/cJ?$ SOnm CD Ir02^«^,^fco ^ - h (i Ir - '^r >y h ^fflt^ 

nm/:^. SfM Ar :^'X /^^:^X^»J:b 50/50. BE:^ 7 mTorr T ^ o 

C®Ji<&D C X/N"'y ^ U J; f9 SOnm ®Wi^-ei!SSL. F^-fJ^ 

-^Aji 1 9 1 t^mm 1 8 1 iimmnm^ti^m 2 0 1 ^^^•^->^>irL/Co 
uw--7x^ ^j^^y^y^'xm^i^fz'^iz^ m^tmmmi^m 1 e 3 ^j^ssu/io 

■7:^m^^f^mmW. BiJijOia. <£-ffl{,^/Co ff:^ 50 ;ti lorr <D@?^#ffl^tt.-e, 
^S-ejp$ 100 nm ®^^H«HK^'fbi|^^M^J^fi£$-ti-/:o J^filc^. mmW^mM^P 
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(i>^i:t>o #f'*>s ^iJ' >^ v?;l/=3 >i?S&(Pb(Zr,Ti,.,)03 (x = 0*^<^>1)). 5^ 
^ ^7 AX h o ^^-^ A((Ba,Sri.,)Ti03 (x = 0;6^t> 1) ) > >mi^Jly 

{cy ^ U -tr;b^?^fi5c-^'5 C i*<-C^7to $ "S. C RuOg. SrRuOj. ReOg. t^■rtlO 
# ffi 14 ^ Ik «fe ^ ffl t ^ T ^ 1^ ^ O ;^ ;6< # t> tl 7t o 

^tizmLtzd^mf£/ u 'izji^^'t^^mi^mm:'^m^ztib<x^tzo 
±i^(D^m<Dmm(Dmmxit^t lt mosfet ^(D^m^mizmm^ u^*^. 
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-jZfn y t\^Xm\^^h GaAs CDMM I C L T *^ T ^ ® {i I" 

9 ^Tt>/J:c^o 
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It 5)t CD IS SI 

1. mmt. m&WL±ui::m\ir <htitzrammmt. mT^mmm±izmif ihti 

±iir^m^mi-imm.nm<t^m>^^^. mmmnm<t!^mitmm-t ^ 2m-cm 
m-r ^m.^it(D^i}m^<^: ^ . mmm-r^ 2 m(D[f^ mum i^i^Lm^^mibmmxiM 

2. jiie«t£±cMos h ^ > v?x^*<iefi$ti. ±mTummmii. ^mos 

3. ±mT^mmm-ib<. ±mmmm^^ihmm^i^ >mymmxm=^^tjmm 

i-r sit ^©ISBEI^ 4 :^Ci£«!c0^##^eo 

6. JliStetS[gSjll^^il'fkJ^#mii{i> Ti. Ta, Zr, Nb. V. J: W =k 0 ''i S 11 

7. ±fS2Ji©^m^m<b«^ji<^^fiic^Si?<l:'^(i. /P^^P^it^WT ^ RuOj^^ 
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ti^-^tr^k^i'^lMO^., (M(i±lfi Ru X(i ir ®5t;^) ic^jtt ^^^^>?:ti» x 0 
S ft >R ® fg S 1^ 7 Jg < IS $g CD ^ ^ ^ ® o 

9. JilS 2ii©#s^^<t:!^ii<^^^-r'5^'fk«l^(i. ^P>^xp57-r h^jt^Wr 
S CaRuOs. SrRuOa. S O' La ^ 0. 5 Si % 4J^± 4 . 0 £fi % Jg^ T^]!in L 7t 

1 0. _hia 2 ji©^si4^<i:i^/i^M5£-r '5^-fk«i^»{i> ^Dyx7!7-r h^it^w 

■f'SCaRuOj. SrRuOj. S. i^^ La ^ 0 . 5 SM % H JL O 4 . 0 US % J£l T ^ ]!JP b 

srTiOj J: 0 t^^mt^'hmiititz'j^^ti < i 1 mit^'i&i^m^-r^ 

T)Vtl 'J ±^7n^©^'fbil^. CaO b < SrO ^fS.^'m.^n-d Z. ii^W^ 
-ec-fb^it AMO3-, ( A i M(i±ge Ca. Sr> Ru. Ti. 5. La tc^ ® I 

1 2. _hia 2 JiO^mttm'fbJ^Jlfi. ReOjTli^ScSnS c i ^#i^i^;i>if ^© 
1 3. _hiaRe03>6^b»^j:a±iai?mxti^-^t?#M'ttm<b«feB(i. -ecD^^^m^ 

-^tT'fb^^ReOs-. {r:}o}t >S^S:XaM X *-<0 oh 0 < ReO^ 

S^fcSi^ L^-SlilJ; t>W^$t^C <»:^#t^<»:-r^ltAt?©IEBgm 1 2:gcl£ife©^ 
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1 5. _tie^<k'^em#® >^ v^ybn >^g&, >mi>Jl=i >m^<v 

x^^°•y ^ >; ^^r&c J: ±iaiN^'fi:i4#ffl^7y7.>6^^s 3 n 09. 

9 %) j!^Ji£DT7P=f > ( A r ) tf7.-C$>^ Z t=^mWLt-r ^m^(Dmmm 1 

CIS © ^ ^ ^ s ® ®! it :^ j£ o 

— ^-fkM^ (N20) . iLmitmrn (NO2) . s.t>'^v> (03) (D\.^-rM^t^i^m^ 

^n-S^YbttT^ X^^.^SgC^A 1 Torr JK^ T® ^^^^MT ^ C i <^ 

2 1. ±.t^2m(Dmm.nmitmm\^iB\i^ ±.m.Wimxm^^tsmm.nmitmmkt 
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(02) . —m^tmrn (N20) . -m^itmm (no^) . sz>'^v*> (03) ckt)^-^^ 

t^i^Miititz-pt^ < t fc— t>«fiSc$ti. 'ecDm:f3 L < U^EEi)^ lO ;« Torr 

22. ihtLtzTummmt. mTummm±iznH 

2 3. ±Mimm.±UizMo s h ^ >'jx^7b<mmi^ti. ±i^yummmitmMo 

2 4. _hiaT?a5«@ii{i. mwLmi^>hmmn'>v=i>mym<t'^^ — ^ATJ]yi 
i^my'±mm(Dmizmm L-cm^^ti^ z f^a^mt-t ^m>!t(Dw.mm 2 2 

2 7. ±.mmn.^m.itmmki. IrOg. RuOz. SrRuOj. ReOa J; 

2 8. ±ia^<l:f^^-'> AT;l/ = A^®Mj§£{i. 'fk^^(Ti,.,Al,),.yNy 
^tl. X 0. 2 £i_h 0. 5 JWTfio y 0. 4 jE^i 0. 6 T T -5 C i <£■ # m i "T 

if^©fEia^2 2a{wiaifecD^#{4:geo 



wo 98/06131 ' PCT/JP96/02226 



54 

3 1 . m^t^W^m^'^-V. X^N°.y rJ' U J; <3 ^<b^ iJ' ^ A T i ^-^7 A® 

3 3. ±m.m<ti-^ i-Tji^i ~o Ai^m.Rzj^m^m±m=^m^ir^±$gm<t 

3 4. Jiia^<(:^^-'t7 at;u^ -•:7 Ajfcife^to^'mfkESihii^&j^fiS-r 'S^S;^^. 

3 5. ^mwumt^i^u^m i ©n^t, Mm i (Drnmi^m^^tiR-om i ®# 
«tt«3|s4*^i=>/j:'Sm 2 (D^Mt. mm 2 ©M^fc^-^^na-o^m 2 cDmm^u 
ni)^ihf£^m3 (Dmi^t. mm 3 (Dm^izm^^ns.-om^t^iDmm.i^timi)-^ ^ 
t£^m^ (Dmmt. mm 4 (Dm^i::m^^tis.':>mmmim*^'^-^£^m5 (Dmm 
±iaig 1 (Dmm<D±mm 2 o^J^<t©^-^i^®{cfctj->s;iit5i4M5£(imm 
1 (Dm^<^^i^mti:timm.^t\s^m u < . R-o^mm 2 <Dm^(D±^m 1 
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tiso^ 1 (Dmmni^ni}-^u^m 2 ©M^i. mm 2 ommizm^^tiK-Dm 
m 2 (DmmnMn^^^f<^^m 3 ommt. mm 3 (Dmi^i^m^^tiB.-omitm<D 
mm^umib^iht^^m 4 (DmMt. mm 4 (DmM.izm-^^ns.-ommnunib^i^ 
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